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Abstract

Objectives—The serologic hallmark of primary Sjégren’s syndrome (pSS) is 1gG antibodies
specific for Ro (SSA) and La (SSB). Molecular characteristics of glandular-derived B cells at the
site of pSS inflammation have been described; however, parallels between glandular antibody-
secreting cells (ASC) and serologic antibody specificities have not been evaluated. We utilized
recombinant monoclonal antibody (hmAb) technology to study salivary gland-(SG) derived ASC
specificities, evaluating their molecular characteristics and identified 1gG antibody specificity.
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Methods—hmAbs were generated from glandular IgG ASC. Heavy and light chain usage and
immunoglobulin subclass were analyzed by sequencing. ELISA, indirect immunofluorescence,
enzyme immunoassay and 3°S immunoprecipitation analysis were used to determine antibody
specificity.

Results—Evaluation of single ASCs from SG biopsies of patients with primary SS or with SS
and overlapping SLE revealed significant concordance between serum autoantibody and glandular
ASC specificities. Glandular-derived ASC heavy and light chains were extensively somatically
hypermutated, indicative of antigen-driven responses. Specifically, we produced the first fully
human monoclonal autoantibodies derived from salivary glands in this study.

Conclusions—Salivary glands in SS patients are a site for antibody production, which extend
beyond the canonical Ro and/or La SS specificities. Furthermore, we demonstrate that glandular
antibody production strongly reflects the serological humoral response in the two patients studied
herein.

Sjogren’s syndrome (SS) is a chronic, autoimmune disorder characterized by severe
keratoconjunctivitis sicca and xerostomia, which can occur as a primary manifestation (pSS)
or secondary to other rheumatic diseases including systemic lupus erythematosus (SS/SLE).
The inflammatory and lymphoproliferative components of SS primarily target exocrine
glands, though extra-glandular manifestations are not uncommon. Hallmarks of SS include
serum antibodies to Ro (or SSA) and La (or SSB) and focal lymphocytic infiltration of
lacrimal and SGs. Glandular infiltrates are comprised of antigen-experienced
CD4*CD45RO* T cells, CD27* B cells and plasma cells (1-4).

The SGs contribute to mucosal autoimmunity by receiving antigen-specific cells from the
nasal- and gastric-associated lymphoid tissue (5). Ro- and La-specific lymphocytes with a
plasma cell-like morphology have been detected in glandular infiltrates, surrounding acini
and along the basement membrane of salivary ducts of SS patients using biotinylated
antigens and immunohistochemistry (6-8). Enriched levels of anti-Ro and/or anti-La in tears
and saliva (IgG and IgA) correlate with higher titers of these Ab specificities (IgG and IgM)
in SS patient serum (9-11). Thus, sites of mucosal immunity in SS patients could reveal
critical features about development of the humoral immune response during disease
progression.

B cell recruitment and overexpression of survival factors lead to enhanced migration and
accumulation of polyclonal memory CD27* B and CD27M9" Ab-secreting cells (ASCs) in
inflamed salivary glands of SS patients (12). The SG microenvironments in SS, composed of
aggregated networks of B and T lymphocytes, follicular dendritic cells and activated
endothelial cells promote the survival of autoreactive B cells and plasma cells (6, 12-14).
Jonsson et al. found that 28% of 269 pSS patients had germinal center (GC)-like architecture
in SG biopsy samples. These structures were associated with higher titers of anti-Ro and
anti-La, as well as higher focus scores (15).

Ro- and La-specific ASCs in SGs and peripheral blood of SS patients have been implicated
in salivary gland dysfunction (16). Ab studies in SS patients have focused primarily on Ro
and La because of their prominence in SS, whereas evaluation of other antigen specificities
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in glandular tissues has been limited. Besides anti-Ro and anti-La, antibodies to Sm and
rheumatoid factor (RF) have been found in serum and saliva of SS patients (9, 17, 18),
indicating that Abs secreted in saliva can be diverse. The purpose of our study was to
interrogate the glandular ASC humoral immune response of a pSS and an SS/SLE patient by
producing hmAbs, characterizing their molecular sequences, assessing clonal relatedness
and determining their specificities. With this work, we show concordance between glandular
and serum specificities, demonstrate that ASCs other than anti-Ro or anti-La are present in
SS SGs and produce Ab in situ, and that the SGs are an active site of humoral memory.

MATERIALS AND METHODS

Human Subject Sample Collection

Samples and data were obtained from subjects following written, informed consent and
evaluated in the OMREF Sjogren’s Research Clinic (OSRC). Studies were approved by the
OMREF and University of Oklahoma Health Sciences Center Institutional Review Boards.
Labial salivary glands were collected for histological analysis and single-cell sorting for
hmAb production from two subjects positive for anti-Ro and anti-La (Table 1). Hematoxylin
and eosin (H&E) stained SG sections were obtained from the OSRC repository for initial
pathological evaluation (Fig 1). Both subjects met American/European combined (2) and
American College of Rheumatology (1) criteria for SS. One subject met the American
College of Rheumatology criteria for SLE (19), and the other self-reported Raynaud’s
phenomenon. Data from the medical history as well as physical, ophthalmologic and dental
exams were collected as previously reported (20). Serum antibodies were assessed by the
Clinical Immunology Laboratory of the OMRF using double immunodiffusion, as well as
indirect immunofluorescence for ANA and Crithidia luciliae anti-dsSDNA. Autoantigen
testing for 13 specificities was performed using BioRad BioPlex 2200™ ANA screening as
previously described (21). Serum (IgG) and stimulated parotid saliva was tested for
antibodies to Ro, La, Sm, SmRNP and PL12 by ELISA. PL12 ELISAs were performed on
plasma and saliva from the SS/SLE and pSS patients was well as a cohort of pSS plasma
samples from the OSRC collection identified with (n=72) and without (h=97) Raynaud’s.
Raynaud’s determinations were made based on patient questionnaires completed at the time
of sample collection. Patients with medical record documentation of other anti-PL12-
associated disease Abs (anti-synthetase syndrome, scleroderma, interstitial lung disease,
myositis, polymyositis or dermatomyositis) were excluded from analysis.

Purification and Fluorescence-Activated Cell Sorting (FACS) of Mononuclear Cells from
Labial SG Biopsies

Labial SG tissue consisting of 4-5 glands were mechanically separated and enzymatically
digested in 10 mL of HBSS containing Ca2* and Mg2* (21-023-CV, Cellgro), 10 mg
collagenase D and 1 mg DNase | (Roche Diagnostics) at 37°C in 5% CO, for 30 min to
release infiltrating cells. A single cell suspension was made by filtering material through a
40 pm cell strainer into RPMI with 10% FCS and washed with Special FACS Wash (SFW;
Dulbecco’s PBS with 5% FCS and 0.1% sodium azide), suspended in blocking solution
(SFW containing 10% human AB serum) and counted by trypan blue exclusion. Cells were
blocked then stained with anti-CD3-PE, anti-CD4-PE-Cy5, anti-CD8-APC, anti-CD19-PE-
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Cy7, anti-1gG-FITC, anti-CD27-Alexa 750 and anti-CD38-APC-Cy5.5. The antibody-
secreting population (CD3-CD4~CD8~CD19*CD27MIhCD38M3h1gG*) was bulk sorted
(FACSAria, BD Biosciences, Inc), then single cell sorted (MoFlo, Beckman Coulter, Inc.)
into 96-well PCR plates containing 10 pL/well of collection buffer (5 mL of RNase-free
water, 10 mM Tris, pH 8.0 and 3750 U of RNasin (Promega, Inc.)).

Production of Recombinant Monoclonal Antibodies

hmAbs were produced from single-sorted cells by the OMRF Human Recombinant
Monoclonal Antibody Core Facility as described (21, 22).

Analysis of Heavy and Light Chain Gene Usage

Variable (V), diversity (D) and joining (J) domains, along with complementarity
determining regions (CDR) of the heavy and light chains from each hmAb were identified
using the International Immunogenetics Information System database (IMGT/V-Quest) (21,
22).

Specificity Determination for Recombinant Monoclonal Antibodies, Saliva and Plasma

Samples

Various assays were employed to determine the specificities of the hmAbs. Reactivity to an
antigen was considered “positive” if the hmAb was reactive to that antigen by at least one
assay. A hmAb was considered “polyreactive” if it was capable of binding multiple,
structurally unrelated Ags (23).

Nuclear Antigen Screening ELISAs—AIlI hmAbs (1 pg/ml) were initially screened for
reactivity to 1 unit of Ro, La, Sm or SmRNP (Immunovision) as previously described (21).
hmAbs having positive ELISA screens were then titered for affinity using a 14-point
dilution series ELISA and analyzed by non-linear regression analysis using Prism 5 software
(GraphPad Software, Inc.). Stimulated saliva samples were screened for 1IgG and IgA Abs to
Ro, La, Sm, the SmMRNP complex, and PL12 (Syd Labs) by ELISA. Antigens (0.2 pg/well)
were coated onto plates and samples and controls screened at a 1:25 dilution. Binding was
detected with anti-human 1gG (Jackson ImmunoResearch) and IgA (Sigma) AP-conjugated
secondary Abs and PNPP substrate (Sigma), then the absorbance determined at 405 nm.
Samples were considered positive if the average absorbance was greater than the mean +
2SD of stimulated saliva samples from 3 healthy subjects.

Plasma samples were diluted 1:100 and tested in duplicate on recombinant human PL12-
coated plates. Binding was detected using anti-human 1gG-AP and PNPP substrate then the
absorbance determined at 405 nm. Samples were standardized for intra-plate variation by
normalization to a positive control included on each plate. Statistical analysis was completed
using Mann-Whitney testing.

IgG Rheumatoid Factor ELISA—hmADbs were screened for rheumatoid factor (RF)
activity using purified human 1gG Fc as antigen (Jackson ImmunoResearch). Binding was
detected with F(ab”),-specific goat anti-human IgG-AP (Jackson ImmunoResearch) and
PNPP substrate (Sigma). Duplicate samples were considered positive if the average
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absorbance (405 nm) was greater than the mean absorbance + 3SD of 4 pneumovax-specific
hmAbs, developed in a separate study, which were negative for all other immunoassays (not
polyreactive).

Other Methods of Detecting hmAb Reactivity to Nuclear Antigens—hmAb
reactivity to nuclear antigens and dsDNA was evaluated using four methods including
indirect immunofluorescence (HEp-2 and Crithidia luciliae; Alpha Diagnostic International,
Inc.), Bioplex 2200™ ANA screening (dsDNA, chromatin, Ribosomal P, Ro, La,
Centromere B, Sm, SmRNP, RNP, Scl-70, Jo-1; Bio-Rad Laboratories) and INNO-LIA™
ANA Update EIA testing (SmB, SmMRNP, RNP-A, RNP-C, Ro52, Ro60, La, Centromere
Protein-B, Scl-70, Jo-1, Ribosomal P, histones; Innogenetics). To further identify anti-Ro52
and anti-Ro60-specific antibodies, an in vitro transcription and translation
immunoprecipitation assay developed by Dr. Umesh Deshmukh was performed using Ro52
and Ro60 labeled with 3°S-methionine and biotinylated-Lys (TNT-Quick coupled
transcription/translation system, Promega). hmAb specificities were confirmed using 3°S
protein and RNA immunoprecipitation followed by Western blotting as previously described
(24, 25).

Serologic and histologic features of SS/SLE and pSS subjects selected for hmAb

production

Two subjects from the Oklahoma Sjogren’s Research Clinic (OSRC), one with pSS (and
Raynaud’s) and the other with SLE and SS, were selected for inclusion in our study. Table 1
outlines the demographic, clinical, laboratory and histologic features of each subject. H&E-
stained labial SG biopsy sections of each patient revealed significant focal lymphocytic
infiltration (Fig 1). Extensive lymphocytic and periductal infiltration (Fig 1A left; focus
score = 5), glandular fibrosis with fatty replacement (Fig 1A center) and a germinal center-
like structure (Fig 1A right, arrows) was observed in the SS/SLE patient. The pSS subject
had a focus score of 2.8 with periductal lymphocytic infiltration, limited fibrosis and fatty
replacement but no GC-like structures in the sections examined (Fig 1B, left, center and
right).

Peripheral blood analysis indicated that both patients had slight leukopenia, extensive 1gG
hypergammaglobulinemia (SS/SLE=2458 mg/dL and pSS=1676 mg/dL), rheumatoid factor
IgG antibodies (SS/SLE=420 U/mL and pSS=25 U/mL) and a positive ANA (SS/
SLE=1:9720 nuclear speckled; pSS=1:40 nuclear speckled). To observe differences due to
disease complications secondary to SS (SLE), we evaluated the serum Ab profiles of both
study subjects. Serum IgG antibodies to Ro, La, SmB and RNP-A were detected in the
SS/SLE patient by Oiichterlony double immunodiffusion, INNO-LIA™ and/or
BioPlex2200™ assays. We found 1gG antibodies to Ro and La in the pSS patient by INNO-
LIA™ and BioPlex2200™ assays, as well as PL-12-binding 1gG antibodies by ELISA.
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Molecular analysis of recombinant monoclonal antibodies derived from salivary glands of
a primary SS and a SS/SLE patient

The molecular characteristics of isolated 1gG ASCs derived from SGs were evaluated from
each of our case subjects. The ASC B cell compartment comprised approximately 0.1% of
the total purified glandular cells in both case subjects. Twenty-one productive heavy and
light chain pairs were amplified from the individually sorted 1gG-expressing ASC cells
(CD3"CD4~CD8-CD27NCD38MIgG*) of the SS/SLE (n=4) and pSS (n=17) patients. We
amplified those with kappa light chain sequences only due to the limited number of ASC
cells obtained from the SGs of the two patients. By comparing experimentally determined
sequences with published immunoglobulin isotype sequences, we identified the primary
isotype for 17 of the 21 productive Ab pairs. Of those Abs with identified isotypes, 88%
were 1gG1 (15/17), and either 1gG2 (1/17) or 1gG4 (1/17) for the remaining 12%. hmAb and
germline heavy and light chain sequences were aligned to determine V-, D- and J- gene
usage (Table S1). All 21 hmAbs used either the VH3 or VH4 variable heavy chain genes
(43% and 57%, respectively). The most commonly observed D and J heavy chain genes
were DH4 and JH4, occurring in 47% and 62% of the hmAbs, whereas, Vi1 and Jk4 were
the most commonly observed light chain genes (both 52%, respectively). These observations
are likely due to the clonality of amplified sequences from the pSS patient (5/17) and normal
recombinatory bias (26, 27). Further analyses of these sequences revealed extensive somatic
hypermutation in all of the hmAb sequences produced from both the SS/SLE and pSS
subjects (Table S1). Neither disease status nor Ab specificity had apparent effects on the
total number of synonymous or non-synonymous somatic hypermutations (Table S1).

Analysis of hmAb heavy and light chain usage and CDR3 region sequences revealed that all
of the glandular-derived hmAb sequences from the SS/SLE patient were not clonally related,
whereas both clonally related (n=5) and non-clonally related (n=12) hmAbs were produced
by the pSS patient (Table S1). The amino acid length (ranging from 7-19 amino acids) and
the number of charged residues (arginine, lysine, histidine, aspartic acid or glutamic acid) in
the CDR3 regions were normally distributed in both subjects (Table S1). CDRS3 regions
were not conserved, with the exception of the clonally-related Abs.

hmAbs produced from salivary gland ASCs of pSS and SS/SLE patients target multiple
autoantigens in addition to Ro and La

To evaluate the hmAb characteristics and specificities produced by individual glandular-
derived ASCs, we cloned and produced hmAbs in vitro then evaluated them using ELISA,
indirect immunofluorescence, line blot, and BioPlex2200™ ANA (results summarized in
Tables 2 and 3). Of the 4 hmAbs derived from the SS/SLE subject, 3 targeted common
nuclear autoantigens, including the SmMRNP complex, Ro and SmB (Fig 2 & Tables 2 and
3). The A3-E03 antibody demonstrated high-affinity for the SmMRNP complex by ELISA
(Fig 2A, right panel; K4=9.0x10"11M). BioPlex2200™ ANA analysis of this hmAb
confirmed high-level reactivity to the SmMRNP complex (8 Al; positive = 1 Al; range 0-8
Al) and low-level reactivity to chromatin (1.9 IU/mL; positive = 1.0 IU/mL). HEp-2
analysis of A3-E03 showed coarse nuclear speckled ANA pattern consistent with reactivity
to RNP (Fig 2C, lower panel), while anti-dsDNA (by Crithidia) was negative.
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BioPlex2200™ and INNO-LIA™ analyses for A3-E03 were negative for the RNP antigen
(data not shown).

A2-G03, derived from the SS/SLE patient, reacted strongly with Ro60 and weakly bound La
by ELISA (Fig 2A, left panel; Kq=7x10"10M). A2-G03 also bound Ro60 and Ro52 by
INNO-LIA (Fig 2B). HEp-2 ANA testing of A2-G03 showed both a nuclear speckled
pattern and diffuse cytoplasmic staining (Fig 2C, upper panel). A2-G05 bound the SmB
antigen on INNO-LIA™ (Fig 2B). None of the 4 hmAbs from the SS/SLE patient were
reactive to RF by ELISA (data not shown). A3-A05 was negative in all testing panels and its
antigen specificity remains unknown (Table 2).

The Ab specificities were successfully identified for 71% (12 of 17) of the hmAbs derived
from SG of the pSS patient. A group of 5 clonally-related hmAbs were identified (B2-E04,
B3-C06, B4-A01, B4-B03 and B4-G03) that bound multiple antigens by ELISA (Fig 3A,
Table 2) Of those crossing the positive threshold, B3-C06, B4-G03 and B4-A01
demonstrated a weak, common polyreactivity to Ro, La, Sm and RNP and B2-E04 bound Ro
only. All 5 antibodies had non-specific cytoplasmic/cytoplasmic fiber patterns or low titer
(1:40-1:120 endpoint) nuclear speckled patterns (Fig 3B) by immunofluorescent ANA
testing. The non-clonally related hmAbs derived from the pSS patient, B2-D02, B2-G05,
B4-C03, B4-E06 and B4-G01, had independently arising specificities to some of the same
antigens seen in the polyreactive, clonally-related hmAbs (Table 2). hmAbs B4-G01, B2-
GO05, B4-B05 and B4-G04 were all reactive to 1gG-RF ELISA (Table 2) and B4-C03 bound
dsDNA by immunofluorescent Crithidia luciliae testing (Fig 3B).

Protein and RNA immmunoprecipitation identify autoantibodies to Ro and PL12
undetectable by other screening methods

Basic immunoassays such as ELISA are valuable for screening autoreactive hmAbs
specificity. However, they cannot identify Abs directed toward unknown antigens and may
miss some conformational epitopes. We incorporated radioactive immunoprecpitation (3°S
IP), in vitro transcribed and translated immunoprecipitation (IVT-IP) and RNA
immunoprecipitation (RNA-IP) as additional screening methods to identify alternate hmAb
specificities. For the SS/SLE patient-derived hmAbs, A3-E03 bound Sm core proteins
68kDa, A, B/B/, C, D, E and F by 35S IP. This binding was validated by the co-precipitation
of the U-series, SARNP RNAs U1, U2, U5 and U6 by RNA IP (Fig 2D), confirming
BioPlex2200™ ANA (SmRNP) and ELISA (SmRNP) results (Fig 2A, second panel). A2-
G03 Ro60 binding was confirmed by 3°S IP (Fig 2D, left panel) and IVT-IP (data not
shown), and was further validated by the co-precipitation of Ro60-binding human YRNAs
(hYRNAS) 3, 4 and 5 by RNA-IP (Fig 2D, right panel).

These methods validated and/or identified six additional hmAb specificities in the pSS
patient-derived hmAbs. Anti-Ro reactivity of B3-C06 (previously identified by ELISA) was
confirmed by immunoprecipitation of Ro52 by IVT-IP. Three of the hmAbs bound Ro60
by 35S IP (B2-G05 and B4-E06, Fig 3C, left panel) or IVT-IP (B4-E06 and B1-A05, not
shown). B4-E06 also co-precipitated Ro60-binding hYRNAs1-5 by RNA-IP (Fig 3C, left
panel). Two hmAbs, B2-E04 and B4-G01, immunoprecipitated alanyl-tRNA synthetase
(PL12) by 3°S IP (Fig. 3C, right panel). Furthermore, B4-G01 co-precipitated PL12-binding
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tRNAs by RNA-IP, matching a control PL12 profile (Fig 3C, right panel). A review of the
pSS patient medical records indicated no diagnosis of anti-synthetase syndrome or other
PL12-associated diseases; however, this subject self-reported Raynaud’s. Raynaud’s is often
seen concomitantly with PL12-associated diseases. 1gG Abs to PL12 were detected in the
plasma of the pSS patient by ELISA using purified recombinant antigen (Table 3). Five of
the 17 hmAbs from the pSS patient were not reactive to any antigen testing panels and the
specificities are unknown (Table 2)

Autoantibodies produced in SS patient saliva and serum mirror the SG ASC humoral
immune response

Whether the specificities of secreted IgG and IgA autoantibodies of SS patients in tears and
saliva are similar to that of glandular ASC is unknown (9, 28). To evaluate this, we screened
stimulated saliva samples from the pSS and SS/SLE patients for 1gG and IgA Abs to Ro60,
La, SMRNP, Sm and PL12 by ELISA (Summarized in Table 3). Showing correlation to the
hmAb specificities, the saliva of the SS/SLE patient had strong 1gG reactivity to Ro60 and
the SMRNP complex and was weakly reactive for IgG antibodies to La and Sm. We found
IgA activity only against SmMRNP. No IgA or IgG binding was detected to PL12 (Table 3).
Some concordance was observed between the salivary and glandular ASC specificities in the
pSS patient. Saliva from the pSS patient was strongly reactive for IgA reactivity to Ro60
and PL12, and weakly reactive for 1gG antibodies to Ro60, showing no 1gG or IgA
reactivity to La, SmRNP or Sm (Table 3).

Comparison of antibody specificities in both the SS and SS/SLE patient revealed
concordance between the antibody profiles in serum and glandular-derived ASCs,
suggesting that the glandular repertoire is representative of and may contribute to the
peripheral immune response. Each of the specificities identified in ASC-derived antibodies
were also detected in the serum for both patients, with the exception of the polyreactive and
anti-cardiolipin antibodies in the SS and chromatin-specific antibodies in the SS/SLE
patients, respectively.

PL12 Does Not Associate with Raynaud’s in Patients with Primary Sjogren’s Syndrome

Since we had identified anti-PL12 antibodies in the serum, saliva and SG-derived hmAbs
from the pSS patient who had Raynaud’s but no other manifestations that are known to
associate with anti-PL12 Abs, we hypothesized that anti-PL12 Abs may also associate with
Raynaud’s in pSS. We screened plasma from cohorts of pSS patients with and without
Raynaud’s for PL12 binding by ELISA. No significant difference in the frequency of anti-
PL12 antibodies was observed between the two groups (p=0.40, data not shown).

DISCUSSION

We have for the first time produced hmAbs from ASCs infiltrating SGs of humans with SS.
We sought to produce hmAbs from SG-derived ASCs to better understand the humoral
immune response at the site of inflammation in SS patients. Characterization and analysis of
these hmAbs will shed light on the unifying feature of systemic rheumatic diseases, namely,
the production of autoreactive Abs. The primary goal of this study was to produce hmAbs
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from salivary gland-derived ASCs to better understand the humoral immune response at the
site of inflammation in SS patients.

The salivary gland is a mucosal inductive site that clonally selects and expands antigen-
stimulated cells in ectopic GCs, in addition to serving as an effector site that recruits
antigen-stimulated cells from other inductive sites (5). Ectopic GCs have been defined by
others as aggregates of B cells surrounded by T cells, but usually lacking the classical GC
structure described in lymphoid organs (29, 30). A similar structure was observed in the SG
section of the SS/SLE patient (Fig 1A, right panel-black arrows). We did not have serial
sections of the paraffin-embedded SG tissue from the SS/SLE patient; therefore, we were
unable to do multi-color staining of the structure described herein to confirm its ectopic GC-
like identity.

The CDR3 regions of the hmAbs were studied to evaluate whether our ASC populations
consisted primarily of recruited or expanded cell populations, and whether other diseases
influenced these populations. The observations that CDR3 sequences from the SS/SLE
patient were not clonally related (n=4), while those from the pSS patient were both clonally
related (n=5) and not clonally related (n=12) (Table S1), are consistent with reports that SG
immunoglobulin repertoires are likely polyclonal, recruited to the site by chemokines and
then clonally expanded at the site of inflammation through chronic antigen exposure (31).
Based on the association of ectopic GCs with clonal expansion of antigen-stimulated cells,
we expected to find clonally related hmAbs in the SS/SLE patient. Perhaps the lack of this
finding is due to low numbers of hmAbs isolated from this patient. Conversely, clonal Abs
were detected in the pSS patient lacking GC-like structures. It is possible that the glands
pooled for hmAb production did have ectopic GCs (and were the source of the clonally-
related hmADbs), but the single SG chosen for histological analysis lacked them.

We recognize our study has limitations, especially regarding immunoglobulin gene family
repertoires, due to low subject and hmAb numbers. We can, however, report that VH3 and
VVH4 heavy chain gene families were commonly and equally used by glandular derived-
hmAbs isolated from both patients (Table S1). In contrast to reports of increased gene usage
of Jx2 and low frequencies of Jx4 (<2%) in IgG-producing B cells from parotid glands of
SS patients, we observed increased usage of IgkV1 (55%) and IgxJ4 (55%) light chain
genes (Table S1) (13). Interestingly, SS heavy and light chain gene usage in our hmAbs is
consistent with that of SLE patient-derived B cells (14). A complete gene family repertoire
analysis would be very informative and may be possible in the future.

To characterize the specificity of our hmAbs, we screened them against panels of known
autoantigens. A majority of the gland-derived hmAbs (15/21) bound diverse autoantigens
and demonstrated concordance with serum antibody profiles in both patients (Table 3),
supporting the hypothesis that SS SGs are a site of antigenically diverse autoantibody
production. Detection of IgG and IgA Abs sharing these specificities in the saliva further
supports this conclusion (Table 3). Detection of hmAb reactivity varied amongst assays
likely due to differences between assay sensitivities, antigen sources (native versus
denatured proteins) and epitope presentation (sequential versus conformational).
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The so-called atypical SS autoantibodies (other than Ro and La) occur in ~20% of pSS
patients and associate with systemic autoimmune manifestations (32). Although rarely
detected in pSS patients without overlapping SLE, nRNP and Sm antibodies have rarely
been observed in (£5%) of pSS serum samples (32-34). As expected, the SS/SLE patient
sera demonstrated Abs to Ro and La, as well as the SLE-associated autoantigens Sm and
NRNP (Table 3). In addition to anti-Ro, the pSS patient had antibodies binding the SLE-
associated antigens Sm, nRNP and ACL, as well as alanyl-tRNA-synthetase (PL12) without
known concurrent SLE or an anti-PL12-associated disease (Tables 2 and 3). However, the
patient did have secondary Raynaud’s, which occurs in about 27% of our pSS patient cohort
(unpublished data). Since Raynaud’s also often accompanies the PL12-associating diseases,
we hypothesized that PL12 may directly associate with Raynaud’s in pSS patients. ELISA
screening of pSS patient plasma samples with and without Raynaud’s for anti-PL12 did not
support this hypothesis. SLE diagnosis sometimes follows SS diagnosis by several years
(33), and SLE autoAbs have been reported to occur years prior to diagnosis (35). The
incidence of autoAbs not commonly associated with pSS, such as anti-PL12 and the SLE-
associated autoAbs we observed in the pSS patient without SLE, was unexpected. The
significance of these results remains unknown, but we speculate that they may be indicative
of future disease development.

In conclusion, we demonstrate the utility of single cell analysis in evaluating IgG
specificities for glandular-derived ASCs of pSS patients. We have shown that ASCs specific
for atypical SS autoantigens in addition to Ro and La, including those indicative of other
rheumatic complications are present in SGs of pSS patients. Finally, we show that the SG is
a vital Ab production site and is a site of humoral memory in pSS patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Histological evaluation of hematoxylin- and eosin-stained salivary gland biopsies from
an SLE patient with secondary SS and a primary SS patient with Raynaud’s syndrome

Diffuse periductal and perivascular lymphocytic infiltration (Fig 1A, left), sclerosis and fatty
replacement (Fig 1A, center) can be seen in the biopsy of the SS/SLE patient. A structure
resembling an ectopic germinal center was also detected within the gland (Fig 1A, right,
black arrows). Significant perivascular and periductal lymphocytic infiltration (Figs 1B, left
and center) can be observed in the pSS patient, along with periductal foci within the gland
(Fig 1B, right).
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Figure 2. Labial salivary gland-derived human recombinant antibodies produced by an SS/SLE
Patient have specificity to Ro, La and SmMRNP

Recombinant human monoclonal antibody screening for affinity to Sm (m), SMRNP (A), Ro
(#) and La (¥) by ELISA (Positive cutoff = 0.5 OD4gs). High affinity binding of A2-G03
anti-Ro by ELISA (A, left panel; Kg=7x10"19M) and A3-E03 to SmRNP (A, right panel;
K4=9.0x10711M). INNO-LIA™ analysis of A2-G03 anti-Ro antibody to both 52 kD and
60kD Ro antigens (B, center strip), and SmB by A2-G05 antibody (B, right strip). Anti-
nuclear antibody staining for A2-G03 (C, top panel) and A3-E03 anti-SmRNP antibody (C,
bottom panel). 35S protein immunoprecipitation (3°S IP) and RNA co-immunoprecipitation
(RNA IP) of HeLa cell lysate (D) for A2-G03 to 60 kD Ro (3°S IP, 3" from left) and
proteins from the SMRNP complex by A3-E03 (3°S IP, 41" from left, arrows A and B/B’).
RNA IP analysis showed co-precipitation of hYRNA3, hYRNA4 and hYRNADS by A2-G03
(RNA IP, 2" from left) and of multiple U-Small nuclear RNP complexes, particularly
U1RNP by A3-E03 (RNA IP, 3 from left). A U3-Ro standard (RNA IP, left) serum and
total nucleic acids (TNA) (RNA IP, right) were included as controls.
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Figure 3. Labial salivary gland-derived human recombinant antibodies produced by a primary
SS patient can be polyreactive, clonal and bind multiple antigens

Recombinant human monoclonal antibody screening for affinity to Sm (M), nuclear RNP
(a), Ro (@) and La (¥) by ELISA (Positive cutoff = 0.5 ODg4g5). An antibody lacking
binding was included as a negative control (A, Neg Control). Anti-nuclear antibody staining
by HEp-2 indirect immunofluorescence analysis showing diffuse cytoplasmic/cytoplasmic
fiber staining (such as B2-E04 and B3-C06) and, in some cases, cytoplasmic and low titer
nuclear speckled staining (such as B4-G03, B4-A01 and B4-B03). Crithidia kinetoplast
immunofluorescence testing for B4-C03 (B, lower right panel). 3°S protein
immunoprecipitation of HeLa cell lysate for B2-G05 and B4-E06 bound a single band
consistent with 60 kD Ro (C). RNA IP showed co-precipitation of hYRNAs1-5 by B4-E06
compared to a U3-Ro standard control (D). The antibodies B2-E04 and B4-G01 showed co-
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precipitation of a band consistent with PL12 around 100kD (D, 2" and 3™ from left) and
verified by RNA IP for B4-G01 shown next to a PL12 control serum (D, right panel).
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Demographics, clinical laboratory and histological features of subjects within the study.

AGE (YR)
SEX

RACE
DIAGNOSIS

OBJECTIVE FEATURES
LG2
Schirmers3

Biopsy Focal Score?

Biopsy Pathology Interpretation
Whole Unstimulated Salivary Flow®
Serum Antibody Status®

SLE Criteria’

Medications

Case A (SS/SLE)
33
F

African American

SLE, Secondary sst

Positive
Negative
5
Focal lymphocytic sialadenitis
Negative
Ro52, Ro60, La, RNP, Sm, RF
Leukopenia, Lymphopenia

Anti-Sm, Pos ANA, Malar Rash, Oral ulcers,
Pleuritis, Persistant proteinuria

Hydroxychloroquine, Methotrexate, Pregabalin,
Ergocalciferol

Case B (pSS)
54
F
Caucasian/Hispanic

Primary SS, Secondary Raynaud’s
Syndrome8

Positive
Negative
2.8

Focal lymphocytic sialadenitis

Positive
Ro52, Ro60, PL12, RF

N/A

Hydroxychloroquine

lSjijgren's syndrome (SS);
2Positive 2 4 (AECG Criteria);
3Positive < 5mm/5 min;
4Positive >1 per 4mm2;

5Posi’(ive < 1.5mL/15 min;

6Antibodies evaluated: Centromere B (CenB), Histone, Jo-1, La, Rhematoid Factor (RF), Ribosomal P (Rib P); Ribonuclear Protein 70K, A and C
(RNP70K, A, C), Ro52, Ro60, Smith B (SmB);

7Tan et al, Arthritis Rheum 1982;25:1271;

8Se|f-Reported.
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Table 2

Human recombinant monoclonal antibodies from salivary gland plasmablasts of SS patients recognize diverse
autoantigens and are often polyreactive

Case hmAb Name

SS/SLE
”Case A”

A2-G03
A2-G05
A3-E03
A3-A05

pSsS B1-A05
Case B

B1-E01
B2-D02
B2-E041
B2-G05
B3-co6l
B4-A011
B4-B05
B4-C03
B4-E06
B4-GO1

B4-G03l
B4-G04
B4-B031
B1-A01
B4-A05
B4-FO3

Antigen Reactivity

Ro? (ELISA, BPX), Ro52/R060 (INNO), Ro60 (35S IP, IV-IP), hYRNASs 3,4,& 5 (RNA IP), HEp2+/Cyto&NS
SmB (INNO)

RNP (ELISA, RNA IP), SmRNP (BPX), Sm (%S IP, BPX), Chromatin (BPX), HEp2+/NS

Unknown

R060 (1V-1P)

SmB (INNO)

ACL (ELISA)

PL122 (35S IP), Ro (ELISA), HEp2+/Cyto

Ro60 (35S IP), SmB (INNO), RF (ELISA), hYRNAs 1-5 (RNA IP)
Sm/SmRNP/Ro/La (ELISA), Ro52 (IVT-IP), HEp2+/Cyto
Sm/SmRNP/Ro/La (ELISA), HEp2+/Cyto

RF (ELISA), HEp2+/Cyto

ACL/Sm/SmRNP/Ro/La (ELISA), HEp2+/Cyto, dsDNA (Crithidia)
R060 (%S IP, IVT-IP), hYRNAs 1-5 (RNA IP)

PL12 (35S IP), TRNAs (RNA IP), RF (ELISA), HEp2+/Cyto
ACL/Sm/SmRNP/Ro/La/Sm (ELISA), HEp2+/Cyto&NS

RF (ELISA)

Unknown (HEp2+/Cyto)

Unknown

Unknown

Unknown

1 . I
Indicates clonally-related antibodies

Abbreviations: INNO - INNO-LIA, ELISA - Enzyme-linked immunosorbent assay, ACL - anti-cardiolipin, BPX - Bioplex ANA 2200, S35IP -
S35-labeled Protein Immunoprecipitation, RNA IP — RNA Co-Immunoprecipitation, IV-IP - Invitro transcribed and translated protein
immunoprecipitation, HEp2+ - positive by HEp2 indirect immunofluorescence assay, NS - nuclear speckled, Cyto - cytoplasmic, RF - rheumatoid

factor
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Table 3

Summary of Patient antibody specificities in serum, saliva and single-cell sorted salivary gland derived

hmAbs

Assay

Serum Specificities

Patient: SS/SLE, “Case A”

ANA
Crithidia

DID
ELISA-IgG
ELISA-IgA
Bio-Plex2200
INNO-LIA
%3-1p
IVT-IP
RNA-IP

ANA Pos/NS
Negative
Ro, La, SmMRNP
RF
NP
Ro, La

RNP-A, Ro52, Ro60, La

NP
NP
NP

Patient: pSS, “Case B”

ANA
Crithidia

DID
ELISA-IgG
ELISA-IgA
Bio-Plex2200
INNO-LIA
33.1p
IVT-IP
RNA-IP

ANA Pos/NS
Negative
Negative
PL12, RF

NP

Ro
Ro052, Ro60

NP

NP

NP

Saliva Specificities

NP
NP
NP
R060, La, SMRNP, Sm
SmRNP
NP
NP
NP
NP
NP

NP
NP
NP
Ro60, RF
Ro60,PL12
NP
NP
NP
NP
NP

hmAb Specificities

ANA Pos/NS and Cyto
Negative
NP
Ro, RNP, RF
NP
Ro, SmMRNP, Sm, Chromatin
Ro52, Ro60, SmB
R060, Sm
Ro60
hYRNAs 3, 4, 5/RNP

ANA Pos/NS/Cyto
Positive (B2-C03)
NP
ACL, Ro, RF, Sm/SmRNP/Ro/La
NP
Negative
SmB
Ro60, PL12
Ro52, Ro60
hYRNAs 1-5/tRNAs

Page 19

Abbreviations: NP-Not performed, ANA-anti-nuclear antibody, NS-Nuclear Speckled, Cyto-Cytoplasmic, ELISA-Enzyme linked immunosorbent
assay, DID-Ouchterlony double-immunodiffusion, IP-Immunoprecipitation, RNA-IP-RNA Co-Immunoprecipitation, IVT-IP-In vitro transcription/
translation immunoprecipitation assay, ACL-anti-cardiolipin, RF-rheumatoid factor
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